EE 2245 Microelectronics Laboratory
Lab 6: Measurement: Parameter extraction of MOSFET SPICE model
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Material, instrument and software
* CD4007UB MOSFET array x 1; resistors and capacitors
* Power supply, function generator, oscilloscope, and digital multi-meter.
* HSPICE and Awaves

Procedure

The CD4007UB MOSFET array is chosen for our measurements. This array consists of three
N-MOSFETSs and three P-MOSFETs. The definition of each pin is depicted in Fig. 1. Note that the body
terminal in N-MOSFETs should always be connected to the most negative voltage, while that in
P-MOSFETs should be connected to the most positive voltage. Also, the CD4007 is a delicate device.
Therefore, make sure you turn off the power supply before changing any circuit connections. The
measured data will be used to extract the SPICE model parameters. The established model will be
simulated and verify with the measured results.
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Fig. 1 The CD4007 MOSFET array
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Fig. 2 Test configurations for N-MOSFET (center) and P-MOSFET (right), respectively



A. Measurement of |-V characteristics

1. Measure the Ips-Vps curves of a N-MOSFET (Fig. 2, center) under different Vgs (Vps: 0 Vto 5V, 0.5
V/step; Ves: 2105V, 1 V/step). (i=+ ¢ power supply #74% & en%F 2 5V &d 7 e s & (Fig. 2, left) &

2 Ves 77 ik /&)
Table 1: N-MOSFET (Ips-Vbs); unit: mA

Ves/Vps | 0 0.5 1 1.5 2 2.5

2

3

4

5

Ves/Vps |3 3.5 4 4.5 5

ol bW

2. Measure the Ips-Vgs curves of an N-MOSFET under a fixed Vps of 3.3V (Ves: 1 V10 3.3V, 0.1 V/step).

Table 2: N-MOSFET (lps-Vbs; Vbs= 3.3 V); unit: mA

Vps/Ves |1 11 |12 |13 |14 |15 |16 |17 |18 |19 |2 2.1
3.3
Vps/Vas 22 |23 |24 |25 |26 |27 |28 (29 |30 |31 |32 |33

3.3

3. Repeat steps (1) and (2) for a P-MOSFET (Fig. 2, right). Note: PMOS &7 2 2\ & 3% 22 48

EiT A SR AERERE A Vg2 Vp.

Table 3: P-MOSFET (Isp-Vsb); unit: mA

e F - Az

Vse/Vsp | O 0.5 1 1.5 2 2.5




Table 4: P-MOSFET (Isp-Vsb; Vsp= 3.3 V); unit: mA
Veo/Vsg |1 |11 |12 |13 (14 |15 |16 |17 |18 (19 |2 |21

3.3

Vep/Vsg |22 |23 |24 |25 |26 |27 |28 |29 |30 |31 (32 |33

3.3

B. Parameter extraction
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1. Based on the measured results, extract the DC parameters V; (threshold voltage; note: the V; of PMOS is

negative), k, (transconductance parameter - ¥~ uCy), and Lambda (channel-length modulation) in SPICE
level one MOSFET model for both NMOS and PMOS. Assuming the following parameters are known:
W= 30 um, L= 10 um, and ty= 100 nm (for PMOS and NMOS).
Please simulate, based on your own model, in HSPICE for the measurement conditions of Table 1 to 4,
respectively, and view the results by using the graphical software (Awaves). Please print out these four
figures. Then you should mark the measured data from Table 1 to 4 on these figures for
comparison. If your procedure is correct, they shall be very close. Within a reasonable range, you can
adjust your parameters to fit the measured data better. Also, Rs and Rp (source and drain parasitic
resistances) can be added in your model to fit the 1p-Vps curves especially for the triode region.

2. Vary the parameters of the N-MOSFET model one at a time to simulate the Ip-Vps (let Vgs = 2V) curves.
Please attach the figures and comment accordingly in your report about the changes in Ip-Vps curves.
(1) Vio: from 0.8 to 1.6 V (0.2 V/step)
(2) kp: from 50 p to 250 p (50 p/step)
(3) Lambda: from 0.02 to 0.06 (0.01/step)
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labt n mosg

.param ¥tn=1.28
kn=156.8u
lam=0.0098
toxn=100n
chd(=2p
cgso=0.1p

.model N_MOS nmos level=l vto=vin kp=kn

+ lambda=lam tox=toxn cgso=cgso
+ cgdo=cgso chd=chd0 chs=chdl

KKK S SR SRR R R R R KKK KKK SO RO RO

M1 dl gl gnd! gnd! N_MOS W=30u L=10u

IVdsl dl gnd! 3.3
[Vegsl gl gnd! 3.3

DC ¥dsl 05 0.1 sweep Vesl 2 51
.probe dc I(M1)

KKK S SR SRR R R R R KKK KKK SO RO RO

M2 d2 g2 gnd! gnd! N_MOS W=30u L=10u
Vds2 d2 gnd!l 3.3

Vgs2 g2 gnd! 3.3

DC Vesd 03,3001

.probe dc (M2}

KKK S SR SRR R R R R KKK KKK SO RO RO

M3 d3 g3 gnd! gnd! N_MOS W=30u L=10u
Vds2 d3 gnd! 2.3
Vgs2 g3 gnd! 2

DC Vds3 0 5 0.5 sweep Vin 0.8 1.6 0.2
*DC ¥de3 0 5 0.5 sweep kn 50u 2500 30u
¥ DC ¥de3 05 0.5 sweep lam 0.02 0.06 0.01

.probe dc [(M3)

.option post probe
.end
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